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;.  BACKGROUND 


Port  Hope  is  located  at  the  mouth  of  the  Ganaraska  River  on  the  north  shore  of  Lake 
Ontario.   The  harbour  has  been  identified  to  the  International  Joint  Commission  (IJC)  Water 
Quality  Board  as  an  "Area  of  Concern"  (AoC)  under  the  terms  of  the  binational  Great  Lakes 
Water  Quality  Agreement  (GLWQA)  "Annex  2"  (IJC  1989).    Currently,  a  federal-provincial 
"Remedial  Action  Plan"  (RAP)  is  being  prepared.   The  Stage  1  RAP  report  describing 
environmental  conditions  and  defining  problems  has  been  completed  (Environment  Canada 
and  Ontario  Ministry  of  the  Environment  1989),  and  the  Stage  2  RAP  report  detailing 
preferred  options  for  the  restoration  of  beneficial  uses  is  in  preparation. 

The  harbour  is  used  primarily  by  the  Port  Hope  Yacht  Club,  but  also  serves  as  a  receiving 
water  body  for  cooling  water  from  CAMECO  who  operate  a  uranium  conversion  facility  on 
the  adjacent  property.   As  the  result  of  waste  management  practices  associated  with 
radium  and  uranium  refining  practices  in  Port  Hope  from  1933  to  1948,  the  harbour 
contains  approximately  90,000  m^  of  sediment  contaminated  by  uranium  and  thorium 
series  radionuclides,  heavy  metals  and  PCBs  (Environment  Canada  and  Ontario  Ministry  of 
the  Environment  1989).    Until  this  contaminated  sediment  can  be  disposed  of  in  a  facility 
licensed  to  receive  low-level  radioactive  waste,  maintenance  dredging  cannot  be 
undertaken  and  the  resulting  loss  of  navigational  depth  will  eventually  restrict  the  use  of 
the  harbour  as  a  boat  mooring  facility. 

Although  the  disposal  or  isolation  of  the  contaminated  sediment  is  the  primary  focus  of  the 
RAP,  the  shallow  depth  (2-3m)  and  sheltered  nature  of  the  harbour  have  been  documented 
to  result  in  localized  water  degradation  (Environment  Canada  and  Ontario  Ministry  of  the 
Environment  1989).  Water  quality  in  the  Turning  Basin  will  reflect  a  combination  of  inputs 
to  the  harbour  which  although  dominated  by  the  cooling  water  discharge  from  CAMECO, 
also  include  storm  water  runoff  from  the  surrounding  urban  and  Industrial  area,  and  seiche- 
driven  incursions  from  Lake  Ontario. 

From  1983  to  1988  the  Central  Region  of  the  Ontario  Ministry  of  Environment  and  Energy 
(MOEE,  formerly  Ontario  Ministry  of  the  Environment)  undertook  water  quality  sampling  in 
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the  Port  Hope  Harbour  and  Ganaraska  River  for  conventional  water  quality  tests  (at  the 
MOEE  laboratory),  and  uranium  and  radium^^®  (at  the  Ministry  of  Labour  laboratory). 
Sampling  was  undertaken  at  8  stations  on  approximately  4  days  per  year. 

These  data  were  used  in  the  Stage  1  RAP  but  in  order  to  allow  a  meaningful  comparison  of 
baseline  conditions  with  post  clean-up  surveillance  data  this  survey  was  undertaken  to 
update  and  improve  upon  this  previous  sampling  effort. 

2.  OBJECTIVES 

The  1 992  water  quality  survey  was  designed  to  assess  water  quality  in  Port  Hope  Harbour 
with  respect  to  Provincial  Water  Quality  Objectives  (PWQO)  for  a  range  of  appropriate 
physical  parameters,  nutrients,  metals.   Radionuclides  were  also  sampled  for  comparison 
with  appropriate  guidelines.    In  some  cases,  comparisons  with  Drinking  Water  Objectives 
can  be  made,  although  it  must  be  emphasized  that  drinking  water  is  drawn  directly  from 
Lake  Ontario,  not  the  harbour. 

The  survey  was  designed  to  facilitate  a  pre  and  post  clean-up  comparison  of  water  quality 
and  to  allow  a  comparison  of  seasonal  conditions. 

The  results  will  be  available  for  the  Stage  2  RAP,  and  will  form  the  basis  for  comparison 
with  future  RAP  monitoring  and  surveillance  data. 


3.  SAMPLING  PROTOCOLS 

Water  samples  were  analyzed  for  the  following  list  of  physical  parameters,  nutrients,  and 

metals  at  the  MOEE  laboratory  according  to  standard  procedures  (MOEE  1983): 

pH,  fluoride,  total  phosphorus,  chloride,  conductivity  (25°C)  dissolved  oxygen, 
ammonia,  nitrite/nitrate,  total  Kjeldahl  nitrogen,  phosphate,  sulphate,  suspended 
solids,  turbidity,  arsenic,  copper,  iron,  nickel,  uranium. 


In  addition,  samples  were  submitted  for  radiological  analysis  by  the  MOL  Radiation 
Protection  Laboratory  for  Ra^^^  and  uranium  (filtered). 

Sampling  was  undertaken  at  the  following  locations  at  0.5  m  from  the  surface  (see  Figure 
1): 

Station  Number  Description 

06  01  2009  100  m  south  of  Harbour  entrance 

06012010  50  m  east  of  Harbour  entrance 

06  01  201 1  50  m  west  of  Harbour  entrance 

06  01  2012  mid-channel  confluence  of  Ganaraska  R.  and  West  Slip 

06  01  2013  mid-channel  Turning  Basin  entrance 

06  01  2014  south  west  Turning  Basin  50  m  from  cooling  discharge 

06  01  2015  north  west  Turning  Basin  50  m  from  wall  (SS) 

06  01  2016  north  east  Turning  Basin  50  m  from  wall  (SS) 

Single  samples  were  obtained  at  each  station  4  separate  days  in  the  spring,  summer  and 
fall.  Each  survey  consisted  of  water  quality  sampling  at  8  stations  per  day  at  1  sampling 
depth  only  (0.5  m). 


Additional  sampling  for  QA/QC  purposes  was  done  at  one  randomly  selected  station  per 
survey  day.    At  this  station  a  simultaneous  replicate  was  obtained  for  submission  as  an 
extra  sample  (i.e.  a  split  sample)  as  a  check  on  data  variability  resulting  from  sample 
handling  and  analysis.    In  addition,  a  distilled  water  blank  was  obtained  following  sampling 
at  the  open  lake  station  (06  01  2009).   Distilled  water  was  poured  through  the  pump-hose 
system  and  submitted  for  metals  analysis  to  ensure  that  no  sample  contamination  by  the 
sampling  equipment  was  occurring. 


CAMECO 
CooTing  Water  Horn" tori ng 

Dl  -  discharge  from  UO-/UO,  and 
West  UFg  plant      ^      "* 

D2  -  discharge  from  East  UFg 
plant  (inactive) 

n  -  cooling  water  intake  line 


2011 


2009 


scale   1 :5,000  (approx.) 


Figure  1  :  Study  Area  and  Station  locations 


4.  RESULTS 

Table  1  corresponds  to  the  data  summary  which  appeared  in  the  Stage  1  RAP  report 
(shown  here  as  Table  2).   A  more  complete  statistical  summary  of  the  1992  results  is 
contained  in  Appendix  I.   Appendix  II  contains  a  complete  listing  of  all  data.   The  1992 
data  reinforce  findings  previously  reported  in  the  Stage  1  RAP  report  (Environment  Canada 
and  Ontario  Ministry  of  the  Environment  1989)  regarding  the  gradient  in  water  quality  from 
the  Turning  Basin  through  the  West  Slip  and  out  into  Lake  Ontario.    Iron  and  total 
phosphorus  in  the  Turning  Basin  were  frequently  detected  in  excess  of  the  Provincial 
Water  Quality  Objectives  (PWQOs)  or  guidelines,  although  neither  have  been  previously 
identified  as  serious  local  concerns. 

Results  from  1983-1988  identified  Turning  Basin  stations  as  having  maximum  iron 
concentrations  of  greater  than  1 ,000  /yg  1-1 ,  but  being  detected  in  excess  of  the  PWQO 
(300  fjg  l"M  in  only  30-40%  of  samples.   The  1992  results  show  maximum  concentrations 
to  have  diminished  by  approximately  a  half  (400-600  //g  IM  but  the  frequency  of  detection 
above  the  PWQO  to  have  increased  (66-91%).  This  indicates  a  reduction  in  data 
variability,  although  the  1983  to  1988  data  are  insufficient  to  allow  a  quantitative 
comparison. 

Spring  and  fall  peaks  are  evident  for  both  unfiltered  total  uranium  (analyzed  by  MOEE)  and 
for  dissolved  uranium  (analyzed  by  MOL)  in  the  Turning  Basin,  although  concentrations 
never  exceed  half  of  the  Drinking  Water  Objective  of  100  /yg  \'\   This  seasonal  pattern 
coincides  with  the  summer  shutdown  at  the  CAMECO  plant,  and  demonstrates  the  direct, 
and  significant  influence  of  the  cooling  water  discharge  on  localized  water  quality. 


TABLE  1  : 


SUMMARY  OF  1992  PORT  HOPE  WATER  QUALITY  SAMPLING  RESULTS 


PARAMETER 

SUMMARY 

SAMPLING  STATIONS                                                           | 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

PH 

(no  units) 

PWQO: 
6.5-8.5 

#  of  samp. 

11 

10 

10 

9 

11 

11 

9 

10 

Min. 

8.22 

8.19 

8.21 

8.20 

8.11 

8.12 

8.11 

8.11 

Max. 

8.37 

8.36 

8.34 

8.40 

8.26 

8.23 

8.23 

8.38 

%>PWQO 

0 

0 

0 

0 

0 

0 

0 

0 

Iron 

(//g  IM 

PWQO: 

300 

#  of  samp. 

11 

10 

10 

9 

11 

11 

9 

10 

Min. 

20 

20 

20 

100 

270 

230 

200 

200 

Max. 

210 

97 

160 

330 

540 

570 

430 

540 

%>PWQO 

0 

0 

0 

11 

91 

73 

66 

70 

Phosphorus 
ifJQ  1  M 

PWQO: 

20 
(guideline) 

#  of  samp. 

11 

10 

10 

9 

11 

11 

9 

10 

Min. 

6 

5 

10 

23 

51 

50 

61 

52 

Max. 

24 

18 

26 

76 

107 

119 

108 

100 

%>PWQO 

18 

-     0 

40 

100 

100 

100 

100 

100 

Copper 
ifJQ  I'M 

PWQO: 
5 

#  of  samp. 

11 

10 

10 

9 

11 

11 

9 

10 

Min. 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

Max. 

1.0 

2.0 

2.0 

1.0 

4.0 

3.0 

8.0 

3.0 

%>PWQO 

0 

0 

0 

0 

0 

0 

11 

0 

Nickel 

PWQO: 
25 

#  of  samp. 

11 

10 

10 

9 

11 

11 

9 

10 

Min. 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

Max. 

<2 

<2 

<2 

<2 

<2 

<2 

3 

<2 

%>PWQO 

0 

0 

0 

0 

0 

0 

0 

0 

Arsenic 
iug  1') 

PWQO: 
100 

#  of  samp. 

11 

10 

10 

9 

11 

n 

9 

10 

Min. 

<1 

<1 

<1 

<1 

<1 

2 

2 

2 

Max. 

<1 

<1 

<1 

3 

7 

7 

6 

4 

%>PWQO 

0 

0 

0 

0 

0 

0 

0 

0 

PWQO:  Provincial  Water  Quality  Objectives 
All  results  represent  unfiltered  total  samples 


TABLE  2:       SUMMARY  OF  1983  -  1988  PORT  HOPE  WATER  QUALITY 
SAMPLING  RESULTS 


PARAMETER 

SUMMARY 



SAMPLING  STATIONS 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

PH 

(no  units) 

PWQO: 
6.5-8.5 

#  of  samp. 

20 

18 

20 

18 

18 

19 

19 

19 

Min. 

7.95 

7.91 

7.91 

7.99 

7.66 

7.39 

7.67 

7.57 

Max. 

8.59 

8.60 

8.59 

8.39 

8.33 

8.29 

8.30 

8.31 

%>PWQO 

10 

11 

5 

0 

0 

0 

0 

0 

Iron 
{P9  1') 

PWQO: 

300 

#  of  samp. 

28 

25 

27 

26 

26 

27 

26 

27 

Min. 

<5 

<5 

<5 

110 

75 

75 

65 

51 

Max. 

880 

935 

555 

820 

1,325 

1,500 

1,625 

1,875 

%>PWQO 

19 

8 

7 

23 

39 

37 

31 

33 

Phosphorus 
U/g  !') 

PWQO: 

20 

(guideline) 

#  of  samp. 

20 

18 

20 

18 

18 

19 

19 

19 

Min. 

8 

<7 

<5 

19 

11 

15 

17 

19 

Max. 

54 

240 

36 

79 

96 

102 

68 

182 

%>PWQO 

10 

17 

5 

39 

67 

84 

74 

74 

Copper 
Ujq  1') 

PWQO: 
5 

#  of  samp. 

20 

17 

20 

18 

18 

19 

19 

19 

Min. 

<1 

1 

<1 

<1 

1 

1 

1 

1 

Max. 

71 

11 

90 

79 

25 

38 

20 

18 

%>PWQO 

10 

6 

5 

17 

22 

21 

21 

26 

Alickel 
U/g  1') 

PWQO: 
25 

#  of  samp. 

20 

16 

20 

18 

18 

19 

19 

19 

Min. 

<1 

1 

<1 

<1 

1 

<2 

1 

1 

Max. 

3 

3 

3 

5 

4 

150 

8 

4 

%>PWQO 

0 

0 

0 

0 

0 

11 

0 

0 

Arsenic 
U/g  1  ') 

PWQO: 
100 

#  of  samp. 

20 

1 

1 

18 

18 

19 

19 

19 

Mm, 

<1 

1 

1 

<1 

<1 

1 

1 

1 

Max. 

<4 

1 

1 

5 

4 

1 

1 

1 

%>PWQO 

0 

0 

0 

0 

0 

0 

0 

0 

PWQO:  Provincial  Water  Quality  Objectives 
All  results  represent  unfiltered  total  samples 


As  with  uranium,  the  highest  concentrations  of  Ra^^®  were  observed  in  the  Turning  Basin 
(median  of  0.037  BqM)  while  the  lowest  were  observed  in  Lake  Ontario  (median  of 
<  0.005  BqM).    Unlike  uranium,  though,  no  seasonal  peaks  were  eviden.t,  so  it  would 
appear  that  the  localized  elevation  in  dissolved  Ra^^®  reflects  the  residual  effect  of 
radioactive  material  in  the  Turning  Basin  rather  than  the  active  cooling  water  discharge. 
Notwithstanding  this  localized  effect  in  the  Turning  Basin,  even  the  maximum  observed 
concentration  of  0.066  Bql'^  is  less  than  one  tenth  the  provincial  maximum  acceptable 
concentration  (MAC)  for  drinking  water  of  1.0  Bql'. 

5.  DISCUSSION 

In  order  to  examine  data  patterns  more  closely,  a  2-way  Analysis  of  Variance  (ANOVA) 
was  undertaken  for  total  phosphorus,  iron,  and  uranium,  and  correlation  matrices  were 
computed  for  selected  parameters  using  the  grouped  results  from  open  lake  stations  and 
Turning  Basin  stations  (see  Appendix  I).    In  addition,  correlations  among  total  uranium, 
dissolved  uranium,  and  dissolved  Ra^^®  were  computed. 

The  2-way  ANOVA  allows  a  quantitative  comparison  of  spatial  variability  (i.e.  sampling 
location  effects),  temporal  variability  (i.e.  sampling  season  effects),  and  the  interaction 
between  them.   Table  3  summarizes  the  results  of  this  procedure. 


TABLE  3:  SUMMARY  OF  2-WAY  ANALYSIS  OF  VARIANCE  RESULTS 


PARAMETER 

STATION 
EFFECTS' 

SEASON 
EFFECTS' 

INTERACTION 
EFFECTS' 
(STN.  VS.  SEASON) 

Total  phosphorus 

YES 

NO 

NO 

Iron 

YES 

NO 

NO 

Uranium 

YES 

YES 

YES 

1.  Significan 

t  at  p  <  0.001 

All  three  parameters  exhibit  significant  (p<  0.001)  station  effects  resulting  from  the  high 
mean  concentrations  observed  in  the  Turning  Basin,  and  the  relatively  low  concentrations 
found  in  the  open  lake.    However,  only  uranium  exhibits  a  highly  significant  seasonal 
effect,  and  only  at  Turning  Basin  stations  (see  Figure  2).   As  a  result,  uranium 
demonstrates  significant  interaction  among  station  and  seasonal  effects.  This  interaction 
means  that  the  pattern  of  season-to-season  differences  was  not  similar  across  all  stations 
(or,  conversely,  that  the  pattern  of  station-to-station  differences  was  not  similar  across  all 
sampling  seasons).   These  significant  spring  and  fall  peaks  in  uranium  concentrations 
observed  in  the  Turning  Basin  ~  the  portion  of  the  study  area  most  directly  affected  by  the 
CAMECO  discharge  ~  support  the  view  that  the  cooling  water  discharge  is  responsible. 

The  unique  pattern  of  uranium  results  suggests  that  although  phosphorus  and  iron  also 
show  a  similar  spatial  gradient  from  the  Turning  Basin  through  the  West  Slip  into  Lake 
Ontario,  different  sources  are  involved.    This  can  be  explored  further  by  looking  at 
correlations  among  water  quality  parameters  (see  Appendix  I).   Significant  {p<0.001) 
correlations  are  evident  at  both  the  open  lake  and  Turning  Basin  stations  between 
suspended  sediment  and  phosphorus  (r  =  0.7361  and  r  =  0.9452),  suspended  sediment  and 
iron  (r  =  0.8018  and  r  =  0.8868),  and  phosphorus  and  iron  (r  =  0.7156  and  r  =  0.8159). 
These  are  indicative  of  a  particulate  source  of  phosphorus  and  iron  and  are  in  sharp 
contrast  witli  total  uranium  which  is  poorly  correlated  with  suspended  sediment  in  either 
the  open  lake  or  Turning  Basin  (r  =  0.41 05  and  r  =  0.3746)  and  well  correlated  with 
conductivity    (r  =  0.701 9  and  r  =  0.7946)  and  chloride  (r  =  0.9 145  in  the  Turning  Basin 
only).  Additional  arguments  for  a  separate,  dissolved  source  of  uranium  are  the  virtually 
identical  concentrations  of  dissolved  and  total  uranium  (Appendix  II),  and  the  high  degree 
of  significant  {p<  0.001)  correlation  between  them  (r  =  0.9761)  at  Turning  Basin  stations. 


PORT  HOPE  WATER  QUALITY  1992 
URANIUM  (MEDIAN  CONCENTRATIONS) 


URANIUM  (UG/L) 


SPRING  SUMMER  FALL 

SAMPLING  PERIOD 


L.  ONT./RIVERMOUTH       ^  TURNING  BASIN 


PORT  HOPE  WATER  QUALITY  1992 

TOTAL  P  (MEDIAN  CONCENTRATIONS) 


00-' 
80- 

TOTAL  Ph 

/ 

10SPH0 

RUS  (UG/L) 

71 

Z /\                    /         A 

60- 

1 

I 

■ 

40  - 

20- 

0^ 

m 

1, 

^^^^H 

1, 

^m 

1, 

SPRING  SUMMER 

SAMPLING  PERIOD 


FALL 


L.  ONT./RIVERMOUTH 


TURNING  BASIN 


Figure  2:  Seasonal  Concentrations  of  Uranium  and  Total  Phosphorus 
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Examination  of  correlations  between  Ra^^^  and  other  parameters  supports  the  view  that 
elevated  Ra^^®  concentrations  in  the  Turning  Basin  are  not  connected  with  the  source  of 
dissolved  uranium  (r  =  0.041 3),  or  the  source  of  particulate  iron  and  phosphorus 
(r<0.1880). 

6.  CONCLUSIONS 

The  picture  that  emerges  from  this  water  quality  survey  can  be  summarized  as  follows: 

(1)  A  pronounced  gradient  in  water  quality  between  the  Turning  Basin  and  Lake  Ontario 
exists  due  to  elevated  concentrations  of  suspended  solids,  turbidity,  conductivity, 
nutrients,  total  metals,  dissolved  uranium  and  dissolved  Ra^^®  in  the  Turning  Basin. 

(2)  Despite  these  elevated  concentrations  in  the  Turning  Basin,  only  iron  and  total 
phosphorus  exceed  their  respective  Provincial  Water  Quality  Objectives  (or 
guideline)  with  any  notable  frequency.   There  was  no  evidence  of  any  adverse 
effect  of  the  Turning  Basin  on  drinking  water  supplies  from  Lake  Ontario. 

(3)  Spring  and  fall  peaks  in  Turning  Basin  uranium  concentrations  appear  to  be  related 
to  cooling  water  flows  from  CAMECO  but  do  not  exceed  the  Provincial  Drinking 
Water  Objective  of  100  //glV 

(4)  Elevated  Turning  Basin  concentrations  of  iron  and  phosphorus  do  not  appear  to  be 
related  to  CAMECO  and  are  most  probably  the  result  of  urban  runoff. 

(5)  Increased  concentrations  of  Ra"^  in  thé  Turning  Basin  do  not  exceed  the  Provincial 
Drinking  Water  Objective  of  1 .0  Bql"^  and  do  not  appear  to  be  connected  with 
current  dischargesfrom  CAMECO  or  urban  runoff;  they  may  represent  a  residual 
effect  of  historical  accumulations  in  the  harbour. 
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7.  RECOMMENDATIONS 


(1)  The  primary  issue  for  Port  Hope  Harbour  concerns  the  isolation  or  disposal  of 
historically  contaminated  sediment  in  the  Turning  Basin.    Once  this  is  resolved,  the 
future  use(s)  of  the  Harbour  will  determine  whether  the  non-industrial  sources  of 
localized  water  quality  degradation  will  require  closer  attention. 

(2)  Given  the  summer  shutdown  of  CAMECO,  the  lack  of  seasonal  variability  for 
parameters  other  than  uranium,  and  the  qualitative  improvement  in  water  quality 
over  the  past  10  years,  future  water  quality  monitoring  in  the  harbour  can  be 
confined  to  the  spring  and  fall  and  need  not  be  repeated  at  the  scale  undertaken  in 
this  study  until  after  the  sediment  problem  is  resolved.    Direct  monitoring  of 
drinking  water  supplies  (in  conjunction  with  the  MOEE  Drinking  Water  Surveillance 
Program)  will  best  ensure  the  absence  of  adverse  effects  outside  the  harbour  in  the 
interim. 
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CORRELATION  MATRIX 


TURNING  BASIN  STATIONS  (2013-2016) 


1 

CHLORIDE 

COND25  SUSPSED 

PHOSPH 

IRON 

TOTAL -U 

DISS-U 

CHLORIDE 

1.00000 

COND25 

.57152 

1.00000 

SUSPSED 

.17336 

.18374  1.00000 

PHOSPH 

.18930 

.06415   .94523  ' 

1.00000 

IRON 

.29053 

.19232   .88676 

.81587  1 

.00000 

TOTAL -U 

.91049 

.79444   .35213 

.29283 

.41931 

1.00000 

DISS-U 

.88046 

.80261   .37701 

.30155 

.43897 

.97806 

1.00000 

RA-226 

-.28114 

.35726   .18796 

.10283 

.08860 

.00709 

.04126 

CRITICAL 

VALUE  (I- 

■tail,  .05)  =  ♦  or  ■ 

■   .27114 

CRITICAL 

VALUE  (2- 

•tail,  .05)  =   +/• 

■  .31975 

1.00000 


N  =  38 


CORRELATION  MATRIX  

OPEN  LA>CE  STATIONS  (2009-2012) 


CHLORIDE 
CHLORIDE  1.00000 
COND25  .35875  1.00000 
SUSPSED  .51409 
PHOSPH  .24168 
IRON  .50389 
TOTAL-U  -.11894 


CON025  SUSPSED   PHOSPH 


IRON  TOTAL-U 


.50251  1.00000 

.62266  .73614  1.00000 

.69923  .80184 

.70185  .41046 


71563  1.00000 

53592   .53030  1.00000 


CRITICAL  VALUE  (1-tail, 
CRITICAL  VALUE  (2-tail, 


.05)  =  +  or  -  .30127 
.05)  =    ♦/-   .35441 


ANALYSIS  OF  VARIANCE 


TWO-WAY  ANOVA  FOR  IRON 


SOURCE 

SUM 

OF 

SQUARES 
1.513 

O.F. 

7 

MEAN  SQUARE 
.216 

F  RATIO 
41 .409 

PROS. 

STATIONS 

-1.000E-13 

SEASONS 

.066 

2 

.033 

6.350 

3.576E-03 

INTERACTION 

.042 

14 

2.9851E-03 

.572 

.8734 

ERROR 

.251 

48 

5.2195E-03 

TOTAL 

1.872 

71 

ANALYSIS  OF  VARIANCE 


TWO-WAY  ANOVA  FOR  TOTAL  PHOSPHORUS 


SUM  OF  SQUARES  D.F.  MEAN  SQUARE   F  RATIO 


STATIONS 

69470.833 

7 

9924.405 

SEASONS 

652.4a 

2 

326.222 

INTERACTION 

1625.333 

14 

116.095 

ERROR 

9183.333 

48 

191.319 

TOTAL 

80931 .944 

71 

51.873    1.000E-14 
1.705    .1926 
.607    .8460 


ANALYSIS  OF  VARIANCE  • 

TWO-WAY  ANOVA  FOR  TOTAL  URANIUM 


SOURCE  SUM  OF  SQUARES 

STATIONS  11127.159 

SEASONS  2901.584 

INTERACTION  2575.878 

ERROR  251 .930 

TOTAL  16856.552 


D.F. 

7 

MEAN  SQUARE 
1589.594 

F  RATIO 
302.864 

PROB. 
-1.000E-13 

2 

1450.792 

276.418 

.OOOE+OO 

14 

183.991 

35.056 

.OOOE-i-00 

48 

5.249 

71 

1-15 
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